Posttranscriptional regulation of IL-6 has been largely uncharacterized, with the exception of the ribonuclease Regnase-1, which prevents autoimmunity by destabilizing IL-6 mRNA. Here, we identified AT-rich interactive domain-containing protein 5A (Arid5a) as a unique RNA binding protein, which stabilizes IL-6 but not TNF-α mRNA through binding to the 3′ untranslated region of IL-6 mRNA. Arid5a was enhanced in macrophages in response to LPS, IL-1β, and IL-6. Arid5a deficiency inhibited elevation of IL-6 serum level in LPStreated mice and suppressed IL-6 levels and the development of T H 17 cells in experimental autoimmune encephalomyelitis. Importantly, Arid5a inhibited the destabilizing effect of Regnase-1 on IL-6 mRNA. These results indicate that Arid5a plays an important role in promotion of inflammatory processes and autoimmune diseases.
Posttranscriptional regulation of IL-6 has been largely uncharacterized, with the exception of the ribonuclease Regnase-1, which prevents autoimmunity by destabilizing IL-6 mRNA. Here, we identified AT-rich interactive domain-containing protein 5A (Arid5a) as a unique RNA binding protein, which stabilizes IL-6 but not TNF-α mRNA through binding to the 3′ untranslated region of IL-6 mRNA. Arid5a was enhanced in macrophages in response to LPS, IL-1β, and IL-6. Arid5a deficiency inhibited elevation of IL-6 serum level in LPStreated mice and suppressed IL-6 levels and the development of T H 17 cells in experimental autoimmune encephalomyelitis. Importantly, Arid5a inhibited the destabilizing effect of Regnase-1 on IL-6 mRNA. These results indicate that Arid5a plays an important role in promotion of inflammatory processes and autoimmune diseases.
immune regulation | RNA-protein complex I nterleukin-6 (IL-6) is a pleiotropic cytokine with multiple functions (1) . IL-6 is secreted by many cell types and is transcriptionally induced by various stimuli including the inflammatory cytokines interleukin-1 (IL-1) and tumor necrosis factor-α (TNF-α) (2) . Deregulated overexpression of IL-6 is associated with autoimmune inflammatory diseases and tumor growth (3) . Significant therapeutic effects of anti-IL-6 receptor antibody (Tocilizumab) on various inflammatory diseases, including rheumatoid arthritis (RA), thus demonstrates that abnormal production of IL-6 is responsible for the pathogenesis of these diseases (4, 5) .
Considering these previous reports, IL-6 expression must be carefully controlled at the transcriptional and posttranscriptional levels. The molecular mechanisms involved in transcriptional control of IL-6 expression have been extensively studied, and important roles for the transcription factors nuclear factor-kappa B (NF-κB) and CCAAT enhancer binding protein β (C/EBPβ), also known as NF-IL6, have been demonstrated (6, 7) . However, almost nothing is known about posttranscriptional regulatory mechanisms that specifically target IL-6 mRNA, except for the identification of zinc finger CCCH-type containing protein 12A (Zc3h12a), which is also called Regnase-1 (8) , an ribonuclease (RNase) controlling immune responses by selectively regulating IL-6 mRNA decay (9) .
RNA-binding proteins (RNA-Bps) control the stability of a wide range of mRNA through binding to AU-rich elements (AREs) in the 3′ untranslated region (UTR) of mRNA (10) . It has been reported that the activity of RNA-Bps is regulated by the activation of mitogen-activated protein kinases (MAPKs), such as p38 MAPK downstream of various stimuli, including IL-1β and lipopolysaccharide (LPS) (11, 12) . The regulation of cytokine mRNA stability by RNA-Bps is particularly important because of their essential roles (such as for IL-6) in human disease.
Previously, we found that chlorpromazine (CPZ), known as an antihistaminic and antipsychotic drug, inhibits LPS-induced IL-6 production in macrophages without any inhibitory effect on other inflammatory cytokines (13) . In the course of our studies on the mechanism of CPZ-induced inhibition of IL-6, we found a unique molecule, AT-rich interactive domain-containing protein 5A (Arid5a), which binds to the 3′ UTR of IL-6 mRNA, and its expression is inhibited by CPZ. Interestingly, CPZ is also known to inhibit the activity of p38 MAPK (14) . It has been also shown that p38 MAPK is involved in the stabilization of IL-6 mRNA via multiple AU-rich elements in the 3′ UTR of IL-6 mRNA (15).
The AT-rich interactive domain (ARID) is a helix-turn-helix motif DNA-binding domain present in a protein family containing 15 members, with important roles in development, tissuespecific gene expression, and proliferation (16) . In a previous study, the ARID family member Arid5a was demonstrated to have a role in stimulation of chondrocyte-specific transcription, in cooperation with the transcription factor SRY-box containing gene 9 (Sox9) (17) .
In the current study, we have identified a previously undescribed role for Arid5a in mRNA stability. Importantly, Arid5a is a demonstration of an RNA-Bp, which stabilizes IL-6 mRNA. We also demonstrate that Arid5a contributes to elevation of IL-6 serum level in LPS-treated mice and experimental autoimmune encephalomyelitis (EAE) mice.
Results
Arid5a Is a Unique IL-6 mRNA Binding Protein. Our previous study showed that CPZ, which was used as a histamine 1 receptor antagonist, dose-dependently inhibits protein levels of LPS-induced IL-6 but not tumor necrosis factor-α (TNF-α), IL-12, and IL-10 in cultured macrophages (13) . In the current study, we found that CPZ inhibits levels of IL-6 mRNA but not TNF-α in macrophages following LPS treatment ( Fig. S1 A and B) .
Initially, we investigated the effect of CPZ on the IL-6 promoter activity at the transcriptional level. As a result, CPZ did not significantly affect the IL-6 promoter activity (Fig. S1C) . Recently, CPZ has been reported to inhibit p38 signaling (14) . Moreover, p38 signaling has been shown to be involved in IL-6 mRNA stability (15) . Therefore, we next examined the effect of CPZ on mRNA stability of IL-6 and TNF-α in macrophages treated with LPS. We found an inhibitory effect of CPZ on IL-6 mRNA stability ( Fig. S1 D and E) .
Because it has been reported that the cis-acting elements of the 3′ UTR of IL-6 mRNA (IL-6 3′ UTR) are required for IL-6 mRNA stability (15) , we hypothesized that the activity of an RNA-Bp on the IL-6 3′ UTR, which is critical for stabilization of IL-6 mRNA, might be attenuated by CPZ. To test this hypothesis, we performed an RNA-protein binding assay as shown in Fig. 1A . After SDS/PAGE, some bands were able to be detected by coomassie brilliant blue (CBB) staining of the gel, and the bands were cut out with the three compartments separated and analyzed by LC-MS/MS (Fig. 1B) . Mass spectral data were assessed by proteasome software (Scaffold3). The profiling data showed in one compartment (between 50 and 75 kDa) that Arid5a is one of RNA-Bps, which is able to bind to the IL-6 3′ UTR (Fig. S2) , and the binding of Arid5a increased after LPS stimulation, whereas its binding was suppressed by CPZ. In agreement with this profiling data, we confirmed that LPS treatment of peritoneal macrophages enhanced binding of endogenous Arid5a to the IL-6 3′ UTR, which was inhibited by cotreatment with CPZ (Fig. 1C) . To examine the direct interaction of Arid5a with the IL-6 3′ UTR, we performed an RNA-protein binding assay (Fig. 1A and Fig.  S3 ). We found that Arid5a associated with the IL-6 3′ UTR (Fig.  1D) , whereas Arid5a did not bind to the TNF-α 3′ UTR (Fig. 1C) . These results indicate that Arid5a is able to possess the specificity to sequences on the IL-6 3′ UTR.
We next performed time-course analysis of mRNA levels of Arid5a in peritoneal macrophages after LPS treatment. As a result, Arid5a mRNA levels were significantly elevated in macrophages in the early phase (2 to 6 h) after LPS stimulation (Fig. 1E ). Interestingly, Arid5a mRNA level was rapidly degraded 12 h after LPS challenge. This result suggests that there is a mechanism underlying rapid termination of elevation of Arid5a mRNA level. We next examined levels of endogenous Arid5a protein in macrophages treated by LPS. Arid5a protein level was transiently increased 2 h, and rapidly degraded 6 h after LPS stimulation, respectively (Fig. 1F) . LPS also enhanced Arid5a protein expression and IL-6 production in a dose-dependent manner (Fig. S4) . Thus, levels of Arid5a mRNA and protein were tightly controlled under toll-like receptor (TLR) signaling. Interestingly, IL-6 and/or IL-1β, which signaling have been reported to induce IL-6 mRNA stabilization (11, 18) , also induced Arid5a mRNA in macrophages and mouse embryonic fibroblasts (MEFs), respectively (Fig. S5) .
Moreover, we examined whether CPZ regulates level of LPSinduced Arid5a mRNA. CPZ significantly suppressed LPSinduced Arid5a mRNA level after 2 h of the treatment and inhibited Arid5a expression ( Fig. 1 G and H) . Taken together, these results suggest that CPZ decreases binding of Arid5a to the IL-6 3′ UTR through inhibition of LPS-induced Arid5a expression, which might contribute to destabilization of IL-6 mRNA as showed in Fig. S1D .
Arid5a Enhances IL-6 mRNA Stability Through the 3′ UTR of IL-6 mRNA.
Having confirmed binding of Arid5a to the IL-6 3′ UTR, we next examined whether Arid5a contributes to IL-6 mRNA stabilization. We initially introduced Flag-tagged WT Arid5a expression vector and Arid5a mutant vector lacking Arid as indicated at black ( Fig. 2A ). HEK293T cells were transfected with pGL3-luciferase vector encoding the IL-6 3′ UTR (1-403) or pGL3 empty vector, together with Arid5a expression vector or empty vector (Mock). Overexpression of Arid5a augmented the luciferase activity of pGL3 vector encoding the IL-6 3′ UTR compared with that of luciferase vector alone (Fig. 2B ). In contrast, mutant Arid5a did not affect the luciferase activity of pGL3 vector encoding the IL-6 3′ UTR (Fig. 2C) , suggesting that the Arid of Arid5a is essential for IL-6 mRNA stabilization. We also compared the luciferase activity of pGL3 vector encoding the TNF-α or IL-12 3′ UTR under overexpression of Arid5a with that under expression of control vector (Mock), respectively. As a result, overexpression of Arid5a did not alter the luciferase activity of both vectors ( Fig. 2 D and E) . Next, we sought Arid5a responsive regions on the IL-6 3′ UTR by using pGL3-luciferase vector encoding the IL-6 3′ UTR fragments (1-92, 1-142, 58-173, 122-197, 172-403), as shown in Fig. 2F . Overexpression of Arid5a enhanced the luciferase activity of pGL3 vector encoding a region (1-142, 58-173, 122-197) of the IL-6 3′ UTR (Fig. 2G) . This result suggests that Arid5a responsive sites are able to compete with the sites, in which Regnase-1 acts on a region (1-142, 58-173) of the IL-6 3′ UTR (9) . We next tested whether Arid5a stabilizes IL-6 mRNA through the IL-6 3′ UTR. In brief, HEK293 Tet-off cells stably expressing the enhancer (tTA) of a tetracycline-responsive promoter (TRE) were transfected with pTRE-plasmid encoding total IL-6 mRNA (CDS + 3′ UTR) or IL-6-CDS alone downstream of the TRE promoter (pTREtight-IL-6-CDS + 3′ UTR or pTREtight-IL-6-CDS vector) under coexpression of Arid5a expression vector or empty vector, respectively. Transcriptions of these pTRE vectors were terminated by doxycycline (dox) treatment. Total IL-6 mRNA levels were assessed by quantitative PCR (qPCR). As a result, overexpression of Arid5a maintained IL-6 mRNA level after dox stimulation, compared with the control transfected with empty vector (Fig. 2H) . In contrast, overexpression of Arid5a did not affect IL-6 CDS without 3′ UTR elements (Fig. 2I ). These results demonstrate that Arid5a stabilizes IL-6 mRNA through the function of the IL-6 3′ UTR, in which the Arid of Arid5a is required for stabilization of IL-6 mRNA.
Arid5a
−/− Critically Reduces IL-6 Serum Level in LPS-Treated Mice.
Having established that Arid5a stabilizes IL-6 mRNA, we next examined whether deficiency in Arid5a suppresses protein levels of IL-6 in LPS-treated macrophages. We found that Arid5a regulates IL-6 but not TNF-α production in vitro (Fig. S6) . Moreover, we investigated whether Arid5a deficiency (Arid5a −/− ) influences serum cytokine levels of IL-6, using WT and Arid5a-deficient mice, which were generated as shown in Fig. S7 . WT and Arid5a −/− mice (6-to 8-wk-old) were i.p. injected with LPS (10 mg/kg). IL-6 serum levels in Arid5a −/− mice were critically reduced compared with those of WT mice after LPS injection (Fig. 3A ). TNF-α serum level 2 h after LPS challenge was also slightly decreased in Arid5a −/− mice (Fig. 3B) , suggesting that critical reduction of IL-6 level by Arid5a deficiency might have led to disorder of production of TNF-α in vivo. Thus, Arid5a also contributes to augmentation of IL-6 serum level in vivo.
−/− Inhibits the Development of Experimental Autoimmune
Encephalomyelitis. To ascertain the importance of this newly identified function of Arid5a in autoimmunity, we compared the phenotype of EAE, which is reported to be an IL-6-dependent autoimmune disease (19, 20) , in Arid5a-deficient mice with that of WT. As expected, EAE was critically suppressed in Arid5a
mice compared with that of WT mice (Fig. 4A) . Consistent with the result in Fig. 3 , levels of IL-6 serum significantly decreased in Arid5a −/− mice after immunization compared with those of WT mice, whereas Arid5a deficiency inhibited TNF-α serum level and IL-6 in vivo (Fig. 4B) . Inhibition of induction of IL-17-producing T helper cells (T H 17 cells) by reduction of IL-6 level in vivo contributes to suppression of EAE (21) . Therefore, we examined whether Arid5a deficiency affects the number of IL-17-producing T cells of CD4 + population after EAE induction. The frequency of CD4 + IL-17 + T cells in Arid5a −/− mice significantly decreased compared with that in WT mice (Fig. 4C) , and the frequency of IFN-γ-producing T cells of CD4 + population (T H 1 cells) increased compared with that in WT mice (Fig. 4D) . In contrast, the frequency of CD4 + Foxp3 + T cells (regulatory T cells, Treg) did not significantly change between WT and Arid5a −/− mice (Fig. 4E ). In agreement with such 
injected with LPS (10 mg/kg). Serum levels of IL-6 (A) or TNF-α (B) in WT and Arid5a
−/− mice were measured by ELISA at indicated time points after LPS challenge, respectively. Data show means ± SD of three independent experiments. ***P < 0.0001; **P < 0.001; *P < 0.05 (Student's t test).
results, compared with the draining lymph node cells from WT mice as control, cells from Arid5a −/− mice secreted a lower level of IL-17, whereas the secretion of IFN-γ in Arid5a −/− mice was significantly higher than that in WT mice (Fig. 4F) . Thus, Arid5a deficiency reduced IL-6 serum levels, which led to suppression of EAE induction, possibly through reduction of the number of CD4 + IL-17 + T cells.
Arid5a Abrogates the Destabilizing Effect of Regnase-1 on IL-6 mRNA.
Because we found that Arid5a responsive sites partially overlap with Regnase-1 responsive elements on the IL-6 3′ UTR (Fig.  2G) , we next examined whether Arid5a affects the destabilizing function of Regnase-1 on the IL-6 3′ UTR, using pGL3-luciferase vector encoding the IL-6 3′ UTR. HEK293T cells were transfected with pGL3-luciferase vector encoding the IL-6 3'UTR or pGL3 empty vector, together with empty vector, Arid5a expression vector, Regnase-1 expression vector or Arid5a and Regnase-1 expression vectors. We found that overexpression of Arid5a rescues the luciferase activity of pGL3 vector encoding the IL-6 3′ UTR under overexpression of Regnase-1 alone in a dose-dependent manner (Fig. 5A) . Overexpression of Arid5a also dosedependently increased the luciferase activity of pGL3 vector encoding the IL-6 3′ UTR (Fig. 5A ). We next tested the effect of Arid5a on the destabilization function of Regnase-1 on total IL-6 mRNA (CDS + 3′ UTR). HEK Tet-off cells were transfected with pTREtight-IL-6-CDS + 3′ UTR vector, together with Arid5a and Regnase-1 expression vectors, Arid5a expression vector, Regnase-1 expression vector, or empty (control) vector. Treatment with dox terminated the transcriptions of IL-6 mRNA. Consistent with a previous report (9), we found that overexpression of Regnase-1 significantly destabilizes IL-6 mRNA compared with the control transfected with empty vector (Fig.  5B) . Moreover, cooverexpression of Arid5a and Regnase-1 increased the stability of IL-6 mRNA compared with that under overexpression of Regnase-1 alone (Fig. 5B) . Thus, Arid5a protects against the destabilizing function of Regnase-1 on IL-6 mRNA. 
Discussion
Recently, it has been reported that Zc3h12a (also known as Regnase-1)-deficient mice spontaneously develop autoimmune disease, in which IL-6 mRNA decay is critically abrogated in macrophages because of the loss of its RNase activity (9) . Therefore, regulation of IL-6 mRNA at the posttranscriptional level is essential for homeostasis in immune regulation. Here, we have found a unique IL-6 mRNA stability protein, Arid5a, which binds to the IL-6 3′ UTR but not TNF-α 3′ UTR. Arid5a responsive regions partially overlap with those of Regnase-1 on the IL-6 3′ UTR (Fig. 2G) . Accordingly, a balance between levels of Arid5a and Regnase-1 expression might be important for control of IL-6-dependent autoimmune disease. Similar to Regnase-1 mRNA level, which is controlled under TLR signaling (8), we found that LPS induces Arid5a mRNA in macrophages. IL-6 also induced Arid5a mRNA in macrophages. These findings might involve amplification of IL-6 production through positive feedback of Arid5a. In relation to such results, LPS-induced IL-6 serum levels have been critically impaired in Arid5a-deficient (Arid5a mice, both serum levels of IL-6 and TNF-α were dramatically inhibited after EAE induction. A previous report showed that anti-IL-6 antibody inhibited both IL-6 and TNF-α levels in serum after EAE induction (21) . Therefore, it is conceivable that chronic elevation of IL-6 level affects TNF-α level more than acute augmentation of IL-6 level by LPS does in vivo. Taken together, expression of Arid5a contributes to elevation of IL-6 level, and augmentation of IL-17
+ T cells in vivo, which is able to promote autoimmune diseases such as MS and RA.
The cis-acting elements in the IL-6 3′ UTR are critical for IL-6 mRNA half-life (15) . The mechanism of IL-6 mRNA decay by AU-rich element-binding proteins (ARE-bps), such as tristetraproline (TTP) and AU-rich element RNA-binding protein 1 (AUF1), on the IL-6 3′ UTR recently has been studied (22, 23) . TTP bound to AREs of cytokine mRNAs through its CCCH zinc finger motif recruits deadenylases to activate the decay process (24) . AUF1 has been shown to recognize mRNA stem-loop structures and AREs through its RNA recognition motif (RRM), although the mechanism of destabilization of IL-6 mRNA by AUF1 remains to be resolved (22) . More recently, it has been reported that Regnase-1 is able to degrade IL-6 mRNA by recognizing the stem-loop region (its predicted site 84-103 in the IL-6 3′ UTR) via its CCCH zinc finger domain (8, 9, 25) . In contrast, the role of RNA binding proteins in stabilization of IL-6 mRNA is not clearly understood. Although HuR, a member of Hu family, is known as a stability protein, which recognizes AREs of the 3′ UTR of cytokine mRNAs through RRMs (24, 26) , the role of HuR on the regulation of IL-6 mRNA stability remains unresolved, as it has been recently reported that IL-6 mRNA levels are elevated in HuR-deficient ( −/− ) nonstimulated macrophages compared with those of WT (27) .
In the present study, we found that Arid5a is a unique RNA-Bp, which stabilizes IL-6 but not TNF-α or IL-12 mRNA in macrophages. Our findings contain two unique aspects. One is that Arid5a functions on the IL-6 3′ UTR, in which its Arid, but not a zinc finger motif or RRM, is essential for stabilization of IL-6 mRNA, because Arid5a mutant protein lacking Arid fails to stabilize IL-6 mRNA (Fig. 2C) . The other is that Arid5a has specificity to IL-6 but not TNF-α or IL-12 mRNA stabilization. How Arid5a recognizes the IL-6 3′ UTR via its Arid is an intriguing study for further investigation. It will be useful in the future to determine the structure of the complex of IL-6 mRNA and Arid5a molecule by such a crystallography.
We also found that Arid5a abrogates the inhibitory effect of Regnase-1 on the IL-6 3′ UTR. Arid5a inhibits degradation of a region (1-142, 58-173) of the IL-6 3′ UTR, where Regnase-1 functions as an RNase (9) . Arid5a is responsive to a region in the IL-6 3′ UTR, which includes AREs, suggesting that Arid5a may associate with AREs of the IL-6 3′ UTR through its Arid. One possibility is that Arid5a competes with Regnase-1 on or near the stem-loop structure of the IL-6 3′ UTR, which leads to stabilization of IL-6 mRNA. Another is that the conformation change of IL-6 mRNA by the specific binding of Arid5a on the IL-6 3′ UTR might also lead to inhibition of the access of Regnase-1 to the stem-loop region of the IL-6 3′ UTR. Further study is required to clarify the precise mechanism by which Arid5a stabilizes IL-6 mRNA in relation to Regnase-1.
It has been recently shown that levels of Regnase-1 expression are regulated through TLR signaling, in which Regnase-1 is induced in peritoneal macrophages after LPS treatment (8, 9) . Interestingly, levels of Arid5a protein were also controlled through TLR signaling. These data suggest that balance between Arid5a and Regnase-1 protein levels may be important for determination of IL-6 mRNA levels. Given that, it might be of interest in the future to investigate whether overproduction of IL-6 in autoimmunity is due to imbalance of Arid5a and Regnase-1 levels in vivo.
Signaling through p38 MAPK is involved in stabilization of IL-6 mRNA (15) . Interestingly, we found that CPZ, which has been reported to impair p38 MAPK activity (14) , selectively decreases LPS-induced IL-6 production in cultured macrophages, and also inhibits LPS-induced Arid5a expression. It has been also reported that p38 is critical for IL-6 production in MEFs under IL-1β signaling (15) . We found that IL-1β induces Arid5a in MEFs and macrophages (Fig. S5 ). Conceivably therefore, p38 MAPK signaling might be linked to enhancement of IL-6 mRNA stability through the function of Arid5a and, in-turn, IL-6 production.
It is known that phosphorylation regulates the binding and function of RNA-Bps (12) . For example, TTP phosphorylation by MK2 downstream of p38 MAPK signaling facilitates TTP to degrade mRNA through inhibition of deadenylase (28) . Regnase-1 is phosphorylated by the IκB kinase (IKK) complex downstream of myeloid differentiation primary response protein 88 (Myd88) signaling, which undergoes ubiquitination and degradation (8) . Accordingly, it is possible that the binding activity of Arid5a is also regulated by specific protein kinases, including p38 MAPK and IKK complex. Thus, similar to other RNA-Bps, it is conceivable that Arid5a expression and its binding activity might be tightly regulated under TLR signaling. Further study of the inhibitory mechanism of CPZ on Arid5a activation will be helpful for the understanding of the regulatory system of Arid5a expression under TLR signaling.
TLR-inducible Arid5a is a unique RNA-Bp that functions on the IL-6 3′ UTR, and in-turn, stabilizes IL-6 mRNA. Arid5a is also able to inhibit the destabilizing effect of Regnase-1 on a responsive region (1-142, 58-173) of IL-6 mRNA. Consistent with such results in vitro, IL-6 serum level was reduced in LPS-treated Arid5a-deficient mice compared with that of WT mice. Reduction of IL-6 level by the loss of Arid5a also contributed to inhibition of the onset of EAE disease, in which the number of IL-17 +
CD4
+ T cells was critically abrogated. Given that Arid5a plays an important role in autoimmunity, further study of the mechanism of control of Arid5a expression under TLR signaling (related to regulation of Regnase-1 expression) might contribute to potential therapeutics for treating IL-6-dependent diseases.
Materials and Methods
Mice and Reagents. C57BL/6 wild-type mice (6-8 wk) were obtained from CLEA Japan. Arid5a-deficient mice (accession no. CDB0602K: www.cdb.riken. jp/arg/mutant%20mice%20list.html) were generated as described (www. cdb.riken.jp/arg/Methods.html). All animal experiments were performed in accordance with protocols approved by the Institutional Animal Care and Use Committees of the Graduate School of Frontier Bioscience, Osaka University. LPS (Escherichia coli: 055:B5), actinomycin D, Arid5a siRNA, and Arid5a scramble siRNA (control) were from Sigma-Aldrich. Chlorpromazine was from LKT Laboratories. Mouse recombinant proteins, IL-1β and TNF-α, were from Peprotech. Arid5a recombinant protein or BSA was purchased from Abnova or Pierce, respectively.
